Cryo-electron tomography is an important research method to study the cell ultrastructure in a near native state, especially in the structural biology and cell biological fields [1]. There are a few cellular specimens that bacterial and eukaryotic cells can be examined directly by cryo-TEM [2, 3], but eukaryotic and tissue are difficult to realize for the specimen thickness. The primary method to thin the frozen-hydrated cells and tissues is cryo-ultramicrotomy [4][5][6]. This method prepares the specimen by high pressure frozen, and then cutting the specimen by the cryo-ultramicrotomy, but there are some unavoidable problems and produced some artifacts.The specimen preparation is the limitation for the tomography technical development.
Introduction
Cryo-electron tomography is an important research method to study the cell ultrastructure in a near native state, especially in the structural biology and cell biological fields [1] . There are a few cellular specimens that bacterial and eukaryotic cells can be examined directly by cryo-TEM [2, 3] , but eukaryotic and tissue are difficult to realize for the specimen thickness. The primary method to thin the frozen-hydrated cells and tissues is cryo-ultramicrotomy [4] [5] [6] . This method prepares the specimen by high pressure frozen, and then cutting the specimen by the cryo-ultramicrotomy, but there are some unavoidable problems and produced some artifacts.The specimen preparation is the limitation for the tomography technical development.
Here, we continue the development of the FIB method milling cryo-hydrated single cell specimen.First, we design three-quarters of the molybdenum grid with lacey support film that can keep the grid direction of FIB milling and data collection. Second, this grid is hard enough for the transfer process and has the less limitation of data collection TEM.
Cryo-FIB milling
Experiments were performed using an FEI Helios NanoLab 600i Dual Beam SEM (FEI Corp., OR), with a field emission electron source and in-lens electron detectors, and employing ion columns with gallium ion sources. Low temperature experiments were carried out using a Quorum PP3000T cryotransfer system (Quorum Technologies, East Sussex, UK). During the specimens preparation and transfer processes, all the experiments were performed under -180 ℃. For the processing of frozenhydrated specimens on the grid, A new shutter was designed to accept the common size grid as show in Fig.1 . A special designed molybdenum grid, with 1/4 grid missing, was used for the FIB milling and Cryo-EM imaging processes. The gap of the grid can ensure the uniform direction for FIB milling and tomographic tilt series in TEM. The cover in the shutter is kept close all the time, except FIB milling and grid transfer. The cover open and close processes were operated by the freeze-fracture knife in the preparation chamber in the PP3000T.
Results
We study the small volume cell specimen of less than 10 μm by plunge-frozen method, the milled region imaged by SEM ( Fig.2A ). There are 3-5 milled regions per grid that is in the SEM image. The enlarge view of the milled region can recognize the cryo-hydrated section in SEM view (Fig. 2B ) and the thickness of section could be measured approximately in the FIB view direction in the Fig. 2C . In the Fig. 2D and E the low dose projection image of the E. coli cell indicated the high quality vitreous state with less damage after FIB milling. Another small size cell experiment is ascaris suum sperm cell milled by FIB, the low dose projection image of the cryo-hydrated section is show in the Fig. 2F . The section area is over 20×8 μm, in this region, and there is sufficient thin lamella for the common general accelerated voltage electronic penetration for the TEM investigation, and this large view is enough to explore internal structures in the biological specimen. Fig. 2G show extensive a part of cytoplasm structure of an ascaris suum sperm cell, while the clearly recognize the reflector body, vesicle and membrane organelle, et al. Fig. 2H is the enlarge view of reflector body structure.
Discussion
For the development of cryo-ET method, the manly limitation is the preparation of the suitable thin specimen. Cryo-FIB method is a hopeful method to reduce the mechanical artifacts to preparing high quality cryo-hydrated section for tomographic study. 
